In this study, total factor productivity change is decomposed into four components, namely, technical change, pure technical efficiency change, scale efficiency change and allocative efficiency change, using trans-logarithm production function model and stochastic frontier production function, and empirical analyses are carried out on the total factor productivity change in China's agriculture and its decomposition between 1991 and 2012. The conclusions are as follows: the total factor productivity in China's agriculture grew at 5.73% per year, with an overall declining trend in growth rate and a sharp decreasing in 2010-2012; there was significant regional difference in the total factor productivity growth in China's agriculture, with Northeast Region and North China being the main region and distributive efficiency change being the main factor.
INTRODUCTION
Factor allocation is very important, especially for sectors like agriculture that is highly demanding in factor inputs. However, China's agriculture is still facing severe problem in factor allocation despite years of reforming. Statistics for recent years shows that in 2012 agricultural labor force accounted for 33.6% of the working population but agriculture used only 4.3% of the total financial capital while producing 10.2% of the total social product. A basic analysis could tell us that there are serious problems in terms of factor allocation in China's agriculture such as labor surplus and capital shortage, though improvement has been made compared to previous years.
According to a definition given by Farrell, factor allocation efficiency refers to the ratio of the least input cost that can be achieved through the adjustment of factor inputs to the actual least input cost before adjustment under the premise of constant outputs (Farrell, 1957) . Apparently, Farrell's definition is input-oriented. By this definition, factor allocation should be classified into a non-factor input factor in economic growth.
As is known to all, microeconomics divides economic growth factors into factor inputs factors and nonfactor inputs factors (general technical progress). As the first researcher to measure the non-factor inputs factor in economic growth, Solow defines changes of such factors as the change of total factor productivity (TFP) and the measuring method is called Solow Residual Value Method. According to Solow's definition, TFP covers every aspects of non-factor inputs factors, including not only technical progress and regulations but also factor allocation (Solow, 1957) . Further, Fare et al. applies Data Envelopment Analysis (DEA) to the measuring of TFP change, in which TFP change is decomposed into three components: technical change, pure technical efficiency change and scale efficiency change (Fare, Grosskopf, Norris and Zhang, 1994 ). Fare's method for decomposing TFP change is called Malmquist Index Method (MIM). However, factor allocation is not included in those decomposing factors.
Obviously, Farrel's decomposing model for cost efficiency indicates that allocative efficiency was not the same as technical efficiency, which confirmed that allocative efficiency was indeed not included in MIM. This contradicts to the previous analysis in this paper which shows that factor allocation should be one part of TFP change. This issue soon drew the attention of researchers in other countries. In their scholastic frontier analysis, Kumbhakar and Lovell mentioned that the decomposing factors of TFP change should also include inefficient allocation, in addition to technical change, technical efficiency change and scale efficiency change, but they did not conduct empirical analysis on it (Lovell, 2000) . Raa also held that the distortion of the marginal product of factors should be considered when measuring TFP change (Raa, 2005) . Recently, Key et al. and Fioramanti expanded the study of Kumbhakar and Lovell (Key, McBride. and Mosheim, 2008; Fioramanti, 2010; Kumbhakar and Lovell, 2000) . They applied the TFP change decomposing method in Kumbhakar and Lovell to empirical studies and conducted corresponding tests, allocative efficiency change was the important factor for the TFP change (Kumbhakar and Lovell, 2000) . However, research on TFP in China started much later and there is serious insufficiency of studies on TFP and factor allocation in agricultural sector. Among the existing studies in China, the following are typical. Yan and Wang analyzed China's technical progress, technical efficiency and M Index from 1978 to 2001 using DEA (Yan and Wang, 2004) . Fang and Zhang measured TFP change in China's agriculture with M Index Method (Fang and Zhang, 2010) . Recently, some researchers became aware of the importance role that actor allocation plays in TFP in agriculture, but they did not make improvement to the method of decomposing TFP change containing factor allocation. For instance, Zhu Xi et al. (Zhu, Shi and Gai, 2011) analyzed the effect of distortion in factor allocation on the TFP in China's agriculture but in their analysis the factor allocation was represented by the price distortion of factors; Le Zhang and Jing Cao found allocative efficiency increasing was the main factor of TFP growth in China's agriculture, however, the data in this paper is China's agricultural data from 1991 to 2010 (Cao, 2013) . Actually, 2011 and 2012 are two critical years in China's agriculture.
All the above-mentioned studies point to the fact that factor allocation change plays an irreplaceable role in TFP growth. Abundant research in other countries has proved that, both theoretically and empirically, factor allocation change should be included in TFP change. The method used in this paper is scholastic frontier analysis based on Kumbhakar and Lovell (Kumbhakar and Lovell, 2000) and Zhang and Cao (Zhang and Cao, 2013) ; the empirical data is China's agricultural data from 1991 to 2012.
The outline of this paper is as follows: the first section is a general introduction; the second section introduces the methods to decompose and measure the TFP; the third section presents data processing and model test; the fourth section discusses the empirical results; and the fifth section is the conclusion.
DECOMPOSING AND MEASURING TFP
In this paper, we will use the decomposition method of Le Zhang and Jing Cao based on Battese and Coelli (Zhang and Cao, 2013; Battese and Coelli, 1992) .
The second one ( TE ) is technical efficiency change respectively. The third one represents scale efficiency change. The forth one is allocative efficiency change. If this component is greater than 0, then there is a positive relation between total factor inputs and returns, that is, over time the expansion in scale as one of the total factor inputs can promote the growth of TFP and vice versa. The fourth component is factor allocative efficiency change. It reflects the deviation degree of the elasticity share of factors from their cost share. In other words, it is an index to measure the factor allocation inefficiency. If this component is greater than 0, then over time factor allocation inefficiency can promote the growth of TFP and vice versa. Equation (1) gives the decomposing formulas of TFP change. We will use the measuring method of Le Zhang and Jing Cao (Zhang and Cao, 2013) .It can be seen from (1) that the specific form of the frontier production function should be determined first and then the parameters to be estimated for each variant should be obtained before each decomposing formula can be solved.
DATA PROCESSING AND MODEL TESTING

Processing of the Data
Data to be analyzed in this paper are panel data of 30 provinces in China between 1990 and 2012. All the data takes the year of 1990 as the base year and consists of both inputs and outputs. Agricultural output index is measured by total agricultural output value in a narrow sense among China's farming, forestry, animal husbandry and fishery, rounded up to one thousand million yuan. The actual total agricultural output value is obtained by converting the nominal total agricultural output value to each year's agricultural output index. Factor inputs in agriculture mainly include input of agricultural labor and agricultural capital. Input of agricultural labor is measured by number of working people in farming, forestry, animal husbandry and fishery with the unit of ten thousand people. Price of labor is measured by the cash outflow in each province's agricultural production and operation cost, with the unit of yuan/person. Input of agricultural capital is measured by converted scalar quantity from the usage of agricultural fertilizer, with the unit of ten thousand ton; Capital price is measured by per capital expenditure on household productive fixed asset, which is multiplied by the number of working force and then divided by the amount of agricultural capital used, with the unit of yuan/ton. Both labor price and capital price are expressed by the price index of production goods after conversion. The rationale of the data processing will be provided with model test in the second part of this section.
Testing of Models 1. Process of model test
According on the process of model test of Le Zhang and Jing Cao (Zhang and Cao, 2013) and translogarithm production function model, the specific form of the frontier production function [ ( ); ]  it f x t must be determined first and the way to do it is through model tests. Assuming there are only such three input factors as labor, capital and technology and with degree of technical progress being measured by time trend t , the general form of [ ( ); ]  it f x t logarithm can be written as equation (2):
Equation (2) denotes that the logarithmic form of the deterministic frontier output in the scholastic frontier production function may be a trans-logarithm production function containing t or a simple logarithm production function without t , or neither. In previous research, the specific form of the frontier function was set directly without strict model test.
Parameter test for the deterministic frontier production function It is carried out in three steps. The first step examines whether there is interaction between variables, in other words, whether the coefficient for cross term is 0; the second step tests whether there is technical progress, i.e. the coefficient of the term with variable t is 0; the third step checks whether there is redundant variables, that is, whether the coefficients of insignificant variables are 0. The method for testing is likelihood ratio test (LR-TEST) and the base model is trans-logarithm production function model.
Based on the analysis above and with reference to equation (2), a base model and null hypotheses are listed below:
Base Model: including interaction between variables and technical progress, no redundant variables, i.e.
none of the coefficients of variables in Equation (2) a .
Parameter tests for frontier production function in Table 1 show the estimated results of those four models; Table 2 shows the maximum LR-TEST results for Hypothesis 1 to Hypothesis 3. First, Base model 1 rejects the hypothesis that there is no interaction between variables and there is no technical progress. This means both the interaction between input factors in agriculture and technical progress promote the growth in agricultural outputs, therefore, it is justified to choose trans-logarithm production function containing t . Second, Base Model Parameter test for inefficiency function in Table 1 shows the estimated results of the three models; Table 2 shows the test results of inefficiency function. All test results reject the null-hypothesis for inefficiency function, which indicates time-varying technical inefficiency existed in agricultural sector during the years 1991-2012. It is worth noting that, when 0       , i.e. all provinces produce at the production frontier due to full technical efficiency, results from test 6 strictly rejects the original hypothesis. This shows consistency to high  coefficient (0.9652) in Model 4 a . Note: *p＜10%, **, p＜5%, *** p＜1%
Results of Model Tests
EMPIRICAL RESULTS
TFP Growth and Its Decomposition in China s Agriculture
The output elasticity of labor and capital factors for each year is calculated based on Model 6 a . Between 1991 and 2012, the output elasticity average for agricultural labor factor was -0.30, meaning that outputs declined 0.3% with every 1% of increase in agricultural labor factor input; during the same period of time, the output elasticity average for agricultural capital factor was 0.61, meaning that outputs grew 0.61% with every 1% of increase in agricultural capital factor input. Therefore, for current agricultural production in China, labor factor is relatively copious while capital factor is relatively scarce. The national TFP change and the change of its decomposition can be obtained by hypothesizing the entire country as a province which produces national average outputs with national average input. In this paper, time trend graph is used to analyze TFP change ( TFP ) in China's agriculture (tables are not chosen because they cannot present detailed analysis of the time trend of each index). In the years between 1991-2012, TFP in agriculture grew 5.73% per year. As shown in Fig. 1 , the growth rate of TFP in China tends to drop, with an annually average decrease of 0.65%. In terms of growth trend, TFP first decreased progressively in 1991-1997, then increased progressively in 1997-2004 , then leveled off with slight decrease in 2004-2010, and then sharply increased and sharply decreased in 2010-2012. As can be seen in Fig. 1 , these four periods happen to overlap with four different periods in factor allocative efficiency change ( AE ) in China's agriculture, which suggests that allocative efficiency change may be the deterministic factor for the TFP growth in China's agriculture. Now let's turn our attention to the decomposing formula of TFP. Firstly, both technical efficiency change ( TE ) and scale efficiency change ( SE ) are negative, which means they impede the growth of TFP. The annual average for technical efficiency change is -0.0144 and that for scale efficiency change is -0.0543, meaning that the technical efficiency change slows down the TFP growth in China's agriculture by 1.44% per year while the scale efficiency change slow it down by 5.43% per year. According to previous analysis, the reason that technical efficiency change is negative is
showing that agricultural technical efficiency decreased at an increasing rate, which reveals, indirectly, the negligence of technical efficiency in China's agriculture. Scale efficiency change is the biggest impeding factor in the growth of TFP. The fact that its value is negative indicates disagreement between total factor inputs and returns to scale.
Secondly, technical change ( T ) and allocative efficiency change are positive, which indicates they promote TFP growth. The annual average for technical change is 0.0451 and that for allocative efficiency change is 0.0809, meaning technical change contributed to TFP growth in agriculture by 4.51% per year while allocative efficiency change contributed 8.09% per year. Though technical change promoted TFP growth, T tends to decline as shown in Fig. 1 , which means the contribution of technical change to TFP growth was decreasing. As shown in Fig. 1 , allocative efficiency change is slightly higher than TFP change and shows higher degree of fitting with TFP change. As mentioned in early analysis, allocative efficiency change may be the determining factor in TFP change. Trend curves for two types of TFP change in agriculture are added to Fig.  2 . Clearly, TFP changes excluding allocative efficiency change are less than 0 in most years, except for 1997 , 2000 and 2012. Meanwhile, it can be seen from those two trend curves that TFP change trend including allocative efficiency change is basically opposite to that of TFP change excluding allocative efficiency change, which indicates allocative efficiency change alters the direction of the original TFP change, in other words, allocative efficiency change plays a determining role in TFP change. In the first period (1991) (1992) (1993) (1994) (1995) (1996) (1997) , the contribution of allocative efficiency change decreased progressively; in the second period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , the contribution of allocative efficiency change increased progressively; in the third period (2004) (2005) (2006) (2007) (2008) (2009) (2010) , the contribution of allocative efficiency change leveled off with slight decrease; in the fourth period (2010) (2011) (2012) , the contribution of allocative efficiency change sharply increased and sharply decreased. Now let's relate this to what happened in history: In the first period, accumulation of factor surplus in agriculture reduced the allocative efficiency of agricultural factors, leading to decrease of the contribution of allocative efficiency change to TFP change in agriculture; in the second period, reallocation of factor surplus in agriculture improved the allocative efficiency of agricultural factors, resulting in the increase of the contribution of allocative efficiency change to TFP change in agriculture; in the third period, allocation of factor surplus incurred structural contradiction between demand and supply, and consequently the contribution of allocative efficiency change to TFP change in agriculture leveled off after slight declining; in the fourth period, allocation of factor surplus led to structural change between demand and supply, and the contribution of allocative efficiency change to TFP change in agriculture came to Lewis turning point. Since allocative efficiency change is the major determining factor in TFP change in agriculture, the fluctuation of its contribution explains the fluctuation of TFP change in agriculture to a certain degree. Note that both TFP change and its decompositions here are indexes for growth rate, of which the values only represent the potential growth speed not the actual value of each efficiency. 
Regional Difference in TFP GROWTH and Its Decomposition in China s Agriculture
The analysis above examined the general condition of TFP growth and its decomposing factors in China's agriculture. For a more comprehensive understanding, it is necessary to consider the regional difference. For this purpose, China is divided into 6 regions by geographical location.
As the first step, the average values of TFP growth in agriculture and its decomposing factors of each region in 1991-2012 are drawn on a graph. Table 3 shows that southwestern region has the highest TFP growth rate along with the highest allocative efficiency growth and the lowest scale efficiency growth; Eastern China and Southern and Central China have medium-high TFP growth rate, which could be attributed to high allocative efficiency growth and relatively high technical efficiency growth and scale efficiency growth. The TFP growth rates for Northern China, Northwest region and northeast region are lower than national average due to relatively low growth in allocative efficiency and scale efficiency and the lowest growth in technical efficiency. Table 3 only shows the overall difference in TFP growth in agriculture and its decomposition among different regions in sample years. It does not reveal the stage characters of the difference and its trend. To address this, based on the year division of TFP growth proposed in above analysis, the growth rate of TFP and its decompositions for different regions in different period of time are sketched out in Fig. 3 (due to limited space, only allocative efficiency change in TFP change is drawn) and the variation coefficients for each index in each period of time are calculated.
First, the periods of 1991-1997 and 1998-2004 witnessed relatively smaller regional difference in terms of TFP growth and allocative change while the period of 2005-2012 saw the largest difference. This is reflected both in the histogram and the variation coefficient index. Second, in terms of the regional source of regional difference, northeast region and north region contributed the most to enlarged regional difference. Northeast region's growth rate of TFP and allocative efficiency were the lowest in almost all periods of time when these two indexes increased, with the only exception of 2005-2012; during 2005-2012 when allocative efficiency increased nationally, the same index in north region was -14.94%, leading to the highest value of variation coefficient of 1.5747 in this period of time. Finally, in terms of the source of regional difference in TFP growth, regional difference in allocative efficiency may be the main influential factor. This is reflected in every column in Fig. 3 , showing a good fitting between the trend of regional difference in allocative efficiency and that in TFP growth.
Figure 3. Growth rate of Agricultural TFP and Its Decomposition in Different Regions
To verify this tentative conclusion, regression is conducted on the variation coefficient of TFP change in agriculture with variation coefficients of each decomposing equation. Regression results after correction confirm this conclusion, as shown in equation (16) 
ADJ.R2=0.9542；F=190.9733
The variation coefficient of allocative efficiency growth has significant effect on that of TFP growth, as one unit of increase in the regional difference in allocative efficiency growth accounted for 0.46 unit of increase in the regional difference in TFP growth. The scale efficiency growth has negative variation coefficient and significant effect, which does not seem logic. Since scale efficiency growth is one of factors in TFP growth, the increase of the regional difference in scale efficiency should have expanded the regional difference in TFP growth.
CONCLUSIONS
In this study, the total factor productivity change is decomposed into four components, namely technical change, technical efficiency change, scale efficiency change and allocative efficiency change, using stochastic frontier production function model and an empirical analysis is conducted on the change of total factor productivity growth and its decomposition in China's agriculture between 1991 to 2012. Through analyzing the total factor productivity growth and its decomposition and their regional difference, the following conclusions are drawn:
First, the total factor productivity in China's agriculture grows at 5.73% per year, with an overall declining trend in growth rate which decreased by 0.65% annually; Second, increase of allocative efficiency is the main determining factor for the TFP growth in China's agriculture; technical change accounts for 4.51% of the contribution to total factor productivity growth while allocative efficiency change accounted for 8.09%. This denotes that importance should also be attached to the vital role the resource allocation plays in agricultural production while promoting technical progress and technical innovation. Third, scale expansion is the major impeding factor for the TFP growth in China's agriculture. Technical efficiency change slowed down the growth in China's agriculture by 1.44% per year while scale efficiency change slowed it down by 5.43% per year. This indicates that scale expansion is not always the best option. While promoting technical progress and technical innovation, we should also consider proper degree of scale and the utilizing efficiency of existing technology so as to avoid inefficient scale expansion and waste of resources. Fourth, there is significant regional difference in the total factor productivity growth in China's agriculture. The southwest region enjoyed the highest growth in TFP in agriculture, with an annual average of 6.63%. However, Northern China, northwest region and northeast region were the lowest in terms of total factor productivity growth in agriculture because these regions had the lowest technical efficiency growth and relatively low scale efficiency growth and allocative change efficiency growth. In terms of the regional source of regional difference, northeast region contributed the most to enlarged regional difference. Particularly during 2005-2012 when allocative efficiency increased nationally, the same index in north region was -14.94%, leading to the highest value of variation coefficient of 1.5747 in this period of time. Finally, regional difference in allocative efficiency may be the main influential factor. This means we should give priority to narrowing the regional difference in TFP growth between northeast region and other parts of China if we aim to narrow the regional difference in total factor productivity growth in China's agriculture.
